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A m a n u f a c t u r i n g  p rocedure  has been deve loped  f o r  one  b readboard  model 
and one  p r o t o t y p e  model of an  i n s t r u m e n t  t o  measure  t h e  s o l a r  c o n s t a n t .  
T h i s  i n s t r u m e n t  i s  d e s c r i b e d  i n  c o n t r a c t  NASS-9659 i n  a c c o r d a n c e  w i t h  t h e  
a t t a c h e d  e x h i b i t  "A". The s o l a r  c o n s t a n t  measur ing  i n s t r u m e n t  i s  a the rma l  
h o u s i n g  t h a t  s u r r o u n d s  t h e  Blackbody Tempera ture  S e n s o r .  T h i s  h o u s i n g  
p r o v i d e s  a t e m p e r a t u r e - s t a b l e  environment  f o r  t h e  Blackbody S e n s o r .  The 
h o u s i n g  i s  composed of a h e a t e r  hous ing ,  c o o l  a p e r t u r e ,  two t h e r m a l  hous- 
i n g s ,  and  b a s e .  Each component i s  equ ipped  v i t h  a s p e c i a l  t h e r m a l  c o a t i n g  
d e s i g n e d  t o  s t a b i l i z e  t e m p e r a t u r e .  A f t e r  t h e  c o n s t r u c t i o n  and  d e s i g n  
s t u d y  of t h e  b readSoard  model w a s  made, one  p r o t o t y p e  w a s  manufac tu red  
by t h e  d e s c r i b e d  p r o c e s s .  
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1 . 0  INTRODUCTION 
One (1) b readboard  mod21 of a n  i n s t r u m e n t  t o  measure  t h e  s o l a r  
c o n s t a n t  was f a b r i c a t e d  i n  acco rdance  w i t h  Goddard Space  F l i g h t  C e n t e r  
S p e c i f i c a t i o n  e n t i t l e d  " S p e c i f i c a t i o n  f o r  t h e  S o l a r  C o n s t a n t  I n s t r u m e n t " ,  
d a t e d  A p r i l  27,  1965, e x c e p t  for  t h e  f o l l o w i n g  c o r r e c t i o n s :  
A.  The r e s i s t a n c e  of t h e  t e m p e r a t u r e  s e n s o r s  i n  t h e  i n s t r u m e n t  i s  
t o  bz  c a p a b l e  of measurements u s i n g  an a l t e r n a t i n g  c u r r e n t  b r i d g e  o p x -  
a t e d  a t  a p p r o x i m a t e l y  400 cycle.; p2r second .  
B. P a r a g r a p h  2.1.1 and 3 .1 .1  is changed t o  r e a d :  
The s e n s i n 2  e l emen t  i s  t o  be r e f e r e n c e  g r a d e  p l a t i n u m  thermometer  
g r a d e  w i r e .  
C .  P a r a g r a p h  3.4 i s  changed t o  r e a d :  
The i n n e r  s u r f a c e  of t h e  a p e r t u r e  c a v i t y  (GSFC Drawings Nos. 
MB-1886 and I%-1887) i s  t o  b e  c o a t e d  w i t h  a material h a v i n g  
an  e m i t t a n c e  of a t  least 0 . 9 7 .  
D. P a r a g r a p h  2 . 5 . 2  t h e  maximum power ( h z a t )  l o s s  f rom t h e  thermo- 
s t a t e d  h o u s i n g  t o  t h e  i n s t r u m e n t  c a s i n g  unde r  o p e r a t i n g  c o n d i t i o n s  is  
0.33 watts i n c l u d i n g  c o n d u c t i v e  and r a d i o a c t i v e  t r a n s f e r .  
Also i n c l u d e d  w i t h  t h e  above GSFC S p e c i f i c a t i o n  i s  GSFC t e c h n i c a l  
n o t e  D-674, d a t e d  A p r i l ,  1961;  Drawing No. LP-1938, d a t e d  May 1 0 ,  1965,  
w i t h  a l i s t  of d r a w i n g s  numbered 1 t h r o u g h  42; and f o u r  d r a w i n g s  p r e p a r e d  
by G.  T. S c h j e l d a h l  Company, Nos. 2000136, 2000197, 2000198, and 2000199. 
A f t e r  a f e a s i b i l i t y  d e m o n s t r a t i o n  w i t h  t h e  b readboard  model ,  o n e  p r o t o -  
t y p e  i n s t r u i n e n t  f o r  p o s s i b l e  space  f l i g h t  u s e  was d e l i v e r e d .  T h i s  u n i t  i n -  
c o r p o r a t e d  many of t h e  d e s i g n  improvements and s p e c i f i c a t i o n  changes  
r e q u e s t e d  as a r e s u l t  of t h e  b readboard  f e a s i b i l i t y  s t u d y .  
G .  T.  S c h j e l d a h l  Go. F i n a l  Repor t  -1- 
1.1 CONPIGG?ATIO?? 
The solar instrument is made up of the following major component 
parts: 
platinum resistance thermometer and heater, a Cool Aperture with platinum 
The Bli ickhdqi  Teiiipeiattire S e n s o r ,  the Tinerrnostated Eousing with 
-
resistance thermometer, and a Casing with exterior mounting frame. The 
assembly weighs approximately 7-1/2 pounds, and is 10-1/2 inches high 
and 5-1/2 inches square. 
1.1.1 - The Blackbody Temperature Sensor is a hollow spherical shell, 
1.500 k 0.003 inches in diameter. The surface of the shell contains a 
platinum resistance winding of 900 ? 100 ohms which senses temperature 
change transmitted by the inner surface of the sensor. This inner surface 
is coated with platinum black, with an absorptance (A) of 0.97 and emit- 
tance (E) of 0.99 as measured at the Schjeldahl Company. The outside 
surface of the sensor is coated with vacuum-deposited gold. The sensor 
is suspended in a network of 3-mil fiberglass which is attached to a 
mounting ring. 
1.1.2 The Thermostated Housing surrounds the blackbody temperature -
sensor and thermally isolates it from other parts of the instrument. The 
housing is made in two halves, each half having a hemispherical cavity 
facing the ball when mounted in position. The two halves when joined 
together also contain a platinum' resistance thermoneter and a heater wind- 
ing. The thermometer resistance is equal to that of the ball within one 
ohm at 300 K. The heater winding resistance is 240 -_t 10 ohms at 420 K. 
Both the platinum thermometer and the heater windings are coated with 
3M Scotch Weld EC 2216 A/B , epoxy filler. This material insulates the 1 
- 
Minnesota Mining and Manufacturing Co., St. Paul Minnesota 
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r e s p e c t i v e  w i n d i n g s  and s e r v e s  a s  a n  o u t e r  s u r f a c e  which is c o a t e d  w i t h  
vacuum-depos i ted  g o l d .  
1 . 1 . 3  The Cool A p e r t u r e  i s  a ho l low c a v i t y  mounted d i r e c t l y  amve --- 
t h e  h e a t e r  h o u s i n g  and l i m i t s  t h e  f i e l d  of v iew of t h e  Blackbody Tempera- 
t u r e  S e n s o r .  The c o o l  a p e r t u r e  a l s o  c o n t a i n s  a p l a t i n u m  r e s i s t a n c e  
thermometer  wolind i n t o  i t s  o u t e r  s u r f a c e  f o r  t h e  p u r p o s e  of m e a s u r i n g  
i t s  t e m p e r a t u r e .  T h i s  r e f e r e n c e  g r a d e  thermometer  w i r e  r e s i s t a n c e  i s  
1400 f 2 0  ohms a t  300 K .  The o u t e r  s u r f a c e  of t h e  c o o l  a p e r t u r e  is g o l d -  
p l a t e d  f o r  h i g h  r e f l e c t a n c e  and l o w  e m i t t a n c e  f o r  r a d i a t i o n  i n t e r f e r e n c e  
f rom t h e  420 K b lackbody.  The i n n e r  s u r f a c e  o f  t h e  c o o l  a p e r t u r e  i s  c o o l e d  
w i t h  p l a t i n u m  black '  t o  a b s o r b  a l l  w ide  a n g l e  r a d i a t i o n  e n t e r i n g  t h e  f r o n t  
open ing  b e f o r e  it r e a c h e s  t h e  blackbody s e n s i n g  area. The f r o n t  s u r f a c e  
is  c o n s t r u c t e d  as a p l a n e  l a r g e  enough t o  h i d e  t h e  e n t i r e  i n s t r u m e n t  i n  
i t s  shadow and allows o n l y  93  d e g r e e  r a d i a t i o n  t o  e n t e r  t h e  b l ackbody  s e n s -  
i n g  area.  T h i s  s u r f a c e  is  coa ted  w i t h  aluminum p r o t e c t e d  w i t h  s i l i c o n  
o x i d e  and forms a t h e r m a l  b a l a n c e  c o a t i n g .  
1.1.4 The C a s i n g  is composed of t h r e e  main p a r t s :  t h e  i n n e r  c a s i n g ,  
t h e  oliter c a s i n g ,  and t h e  mounting b r a c k e t .  The i n n e r  c a s i n g  suspends  t h e  
-
h e a t e r  h o u s i n g  and c o o l  a p e r t u r e  w i t h i n  i t s  walls on a s tee l  b a l l  s u s p e n s i o n  
sys t em.  The o u t e r  c a s i n g  h o l d s  t h e  i n n e r  c a s i n g  suspended  i n  t h e  same manner. 
The mount ing  b r a c k e t  is  mounted a t  t h 2  b a s e  of t h e  o u t e r  c a s i n g  i n  a similar 
manner.  ( S e e  DWG 2000805). A l l  t h r e e  u n i t s  are  24-R g o l d - p l a t e d  o v e r  t h e i r  
e n t i r e  e x t e r i o r  s u r f a c e  t o  r educe  h e a t  t r a n s m i s s i o n  between t h e  h e a t e r  hoiis- 
i n g  and a l l  e x t e r i o r  mount ing  surfaces. The a s sembly  i s  n o t  t o  t r a n s m i t  
more t h a n  0 . 3 3  watts of power t o  any  e x t e r i o r  mount. 
- 
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Two s o l a r  c o n s t a n t  i n s t r u m e n t s  were manufac tu red  t o  meet t h e  i n t e n t  
s p e c i f i e d  i n  NAS5-9689. The f i r s t  i n s t r u m e n t  or breadboard  model was 
c o n s t r u c t e d  a c c o r d i n g  t o  GSFC assembly  d rawing  No. LP-1989, d a t e d  May 10, 
1965,  w i t h  a l i s t  of d rawings  numbered 1 t h r o u 3 h  42 ,  and  f o u r  d r a w i n g s  
p r e p a r e d  by S. T. S c h j e l d a h l  Company, Nos. 2000196, 2000197, 2000198, and 
2000199. The f i r s t  i n s t r u m e n t  was d e l i v e r e d  May 5, 1966. A s  t h i s  was a 
b r e a d b o a r d ,  or p r i m a r i l y  a t e s t  model, a r e q u e s t  t o  make minor changes  
i n  i t s  c o n s t r u c t i o n  was mads by t h e  NASA P r o j e c t  E n g i n e e r .  The u n i t  was 
a l t e r e d  and r e t u r n e d  on November 3 ,  1966. 
The second i n s t r u m e n t ,  o r  p r o t o t y p e  mode1,was c o n s t r u c t e d  a f t e r  a 
t es t  and e v a l u a t i o n  program on t h e  f i r s t  i n s t r u m e n t  was comple t ed .  A new 
r e q u i r e m e n t  i n t r o d u c e d  d u r i n g  t h i s  e v a l u a t i o n  program was t o  i n c l u d e  a 
p a r a g r a p h  2 .5 .2  as f o l l o w s :  " t h e  maximum power ( h e a t )  l o s s  f rom t h e  
t h e r m o s t a t e d  h o u s i n g  t o  t h e  i n s t r u m e n t  c a s i n g  unde r  o p e r a t i n g  c o n d i t i o n s  
i s  0 . 3 3  wat ts  i n c l u d i n g  c o n d u c t i v e  and r a d i a t i v e  t r a n s f e r " .  T h i s  r e q u i r e -  
ment brought  a b o u t  s e v e r a l  d e s i g n  changes  such  as: 
The e x c l u s i o n  of t h e  c a s i n g  release mechanism. 
The a d d i t i o n  of a n  extra o u t e r  case and t h e  s e p a r a t i o n  of t h e  
mount ing  b r a c k e t  from t h e  c a s i n g .  
Gold p l a t i n g  a l l  aluminum p a r t s  t o  r e d u c e  h e a t  t r a n s m i s s i o n .  
The m a n u f a c t u r i n g  p r o c e d u r e  c o n s i s t s  of t h e  c o n s t r u c t i o n  of the 
f o l l o w i n g  p a r t s :  
1. Bottorn c y l i n d e r  GTS DWG No. 2000509 
2 .  Top c y l i n d e r  II I No. 2000810 
,I I, No. 2000811 3 .  A p e r t u r e  Base 
G .  T. S c h j e l d a h l  CO. F i n a l  Repor t  -4- 
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4. A p e r t u r e  c y l i n d e r  GTS DWG No. 2000812 
5 .  S u n s h i e l d  I t  I 1  No. 2000809 
0 .  C a s i n g  1 1  I, No. 2000813 
1 1  7 .  Case 'I No. 2000807 
1 9  1 1  No. 2000806 8. Mounting B r a c k e t  
2 . 1  THE BOTTOM CYLINDER -
The bottom c y l i n d e r  i s  a h e m i s p h e r i c a l  c a v i t y  i n  which t h e  b l a c k -  
body s e n s o r  mounting r i n g  is p l a c e d .  I t  c o n t a i n s  one  h a l f  of t h e  h e a t e r  
w ind ing  and one  h a l f  of t h e  thermometer w ind ing  which matches  t h e  b l ack -  
body t e m p e r a t u r e  s e n s o r .  I t s  i n n e r  s u r f a c e  i s  c o a t e d  w i t h  e l e c t r o p l a t e d  
g o l d  and i t s  o u t e r  s u r f a c e  i s  c o a t e d  w i t h  vacuum-depos i ted  g o l d .  The 
h e a t e r  and t h e  thermometer  windings  a re  wound i n t o  g rooves  i n  t h e  o u t e r  
s u r f a c e ,  t h e s e  g rooves  are f i l l e d  w i t h  epoxy b e f o r e  g o l d  p l a t i n g .  
2 . 2  THE TOP CYTJNDER --
The t o p  c y l i n d e r  i s  a l s o  a h z m i s p h e r i c a l  c a v i t y  which f i t s  o v e r  t h e  
t o p  p o r t i o n  of t h e  b l ackbody  sensOr and mates w i t h  t h e  bot tom c y l i n d e r  i n  
t h e  c e n t e r .  I t  c o n t a i n s  t h e  o t h e r  h a l f  of t h e  h e a t e r  and thermometer  
w i n d i n g s .  T h i s  u n i t  h a s  a n  opening  a t  t h e  v e r t e x  t h r o u g h  which  r a d i a t i o n  
i s  a l l o w e d  t o  p a s s  i n t o  t h e  blackbody s e n s o r .  This u n i t  i s  g rooved ,  f i l l e d  
w i t h  epoxy, and g o l d - p l a t e d  i n  t h e  same manner as t h e  bot tom c y l i n d e r .  
2 . 3  APERTURE BASE 
_c 
The a p e r t u r e  b a s e  i s  a f f i x e d  t o  t h e  bot tom end of t h e  c o o l  a p e r t u r e  
w i t h  e i g h t  ( 0 - 8 0 )  screws. It has a n  o p e n i n g  i n  t h e  c e n t e r  e q u a l  t o  one 
s q u a r e  c e n t i m e t e r  area. The i n s i d e  s u r f a c e  i s  c o a t e d  w i t h  p l a t i n u m  b l a c k  
a n d  i t s  o u t s i d e  s u r f a c e  g o l d .  
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The a p 2 r t u r e  c y l i n d e r  i s  grooved on  t h e  o u t e r  s u r f a c e  and i n s u l a t e d  
t o  r e c e i v e  a :kOO-ohm ther~ometer wind ing .  The thermometer w ind ing  i s  
cove red  w i t h  epoxy as were t h e  upper and lower h e m i s p h e r i c a l  c a v i t i e s .  
The i n s i d e  s u r f a c e  i s  c o a t e d  w i t h  p l a t i n u m  b l a c k  and  t h e  o u t e r  s u r f a c e  
w i t h  vacuum-deposited g o l d .  
2 . 5  SUNSHIELD 
The s u n s h i e l d  o r  f r o n t  f a c e  of t h e  u n i t  is  c o a t e d  w i t h  aluminum 
and s i l i c o n  o x i d e  f o r  h i g h  r e f l e c t a n c e  from t h e  sun  s o u r c e .  T h i s  s h i e l d  
shadows a l l  of t h e  v a r i o u s  p a r t s  of t h e  i n s t r u m e n t  e x c e p t  t h e  b lackbody 
a p e r t u r e .  An opening  a t  t h e  center p e r m i t s  r a d i a t i o n  t o  e n t e r  t h e  s e n s i n g  
area.  I t s  i n s i d e  r i m  i s  c o a t e d  w i t h  e l e c t r o p l a t e d  g o l d .  I t  is  f a s t e n e d  
t o  t h e  t o p  of t h e  c o o l  a p e r t u r e  t o  e n c l o s e  t h e  a p e r t u r e .  The s u r f a c e  
f a c i n g  t h e  c o o l  a p e r t u r e  i s  c o a t e d  w i t h  p l a t i n u m  b l a c k .  
2 . 6  CASING 
The c a s i n g  s u p p o r t s  t h e  u p p e r  and lower h e m i s p h e r i c a l  c a v i t i e s ,  and 
t h e  c o o l  a p a r t u r e  w i t h  a l l  i t s  pa r t s .  The c a s i n g  h a s  e l e c t r o p l a t e d  go ld  
o v e r  i t s  s u F f a c e s  t o  r e d u c e  h e a t  t r a n s m i t t a n c e  between i n n e r  and o u t e r  
p a r t s .  Tungs ten  c a r b i d e  sc rews  mounted i n  t h e  w a l l  of t h e  c a s i n g  p r o v i d e  
e x a c t  p o s i t i o n i n g  f o r  i n t e r i o r  mounted p a r t s .  
2 . 7  CASE -
The case i s  c o n s t r u c t e d  s i m i l a r l y  t o  t h e  c a s i n g .  I t  5ur rounds  t h e  
i n n e r  c a s i n g  and p r o v i d e s  a d j u s t a b l e  sc rews  of t u n g s t e n  c a r b i d e ,  which 
may be a d j u s t e d  t o  p o s i t i o n  t h e  i n n e r  c a s i n g .  I t  h a s  e l e c t r o p l a t e d  g o l d  
o v e r  i t s  o u t e r  s u r f a c e  t o  r e d u c e  h e a t  t r a n s m i s s i o n  as d o  a l l  a d j a c e n t  p a r t s  
G .  T. S c h j e l d a h l  Go. F i n a l  Repor t  -6- 
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T h i s  i s  a n  L-shaped b r a c k e t  machined from one  s o l i d  b l o c k  of aiuminum. 
v i b r a t i o n s  t e s t i n g .  The b r a c k e t  i s  c o a t e d  w i t h  e l e c t r o p l a t e d  g o l d  and 
a l s o  p r o v i d e s  t u n g s t e n  c a r b i d e  mounting hardware  t h a t  mates w i t h  t h e  case. 
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3 . 0  DEVELOPMENT - OF MANUFACTURING PROCEDURE 
3.1 BOTTOM CYLINDER (Drawing No. GTS 2000809) 
The bottom cylinder is first machined from a solid bar of 6061-T6 
aluminum. 
is then baked in an oven at 180 C to check the gold adhesion to the 
aluminum. After passing this requirement, the grooves on the outer 
surface are brush-coated with 3M epoxy(’). 
insulating coat on which the heater and thermometer is wound. The heater 
coil is made of Cupron Wire(2) and wound to a resistance of approximately 
140 ohms. The thermometer is wound to a resistance of about 450 ohms. 
The thermometer wire is Sigmond C~hn(~) reference-grade, platinum 99.999 
pure. 
final insulating process, the grooves are filled with epoxy over the wires 
and all excess epoxy removed by machining the outer surface. The outside 
surface of the epoxy is coated with vacuum-deposited 24-K gold. 
It is then e l e c t r o p l a t e d  w i t h  aborit 0.0002 of 2b-K gold. It 
This epoxy provides an initial 
Both windings are terminated at Tef lon-insulated terminals(4). A s  a 
3.2 TOP CYLINDER (Drawing No. GTS 2000810) 
The top cylinder is constructed in the same manner as the bottom 
cylinder using the same materials. The top cylinder heater is wound 
until the combined value of the top and bottom heaters equals 240 ohms. 
The thermometer is wound so that when it is joined to the bottom cylinder 
the value is equal to the value of the blackbody to be mounted within 
the assembly to f 1 ohm at 300 Kelvin. 
3.3 COOL APERTURE (Drawings No. GTS 2000811, 2000812, 2000808) 
The cool aperture is composed of three parts: the aperture base, 
1. Minnesota Mining and Manufacturing Co., St. Paul, Minnesota 
2. Wilbur B. Driver Co., Newark, N.J. 
3 .  Sigmond Cohn Corp., Mount Vernon, N.Y. 
4 .  Sealectro Corp., Mamaroneck, N.Y. 
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a p e r t u r e  c y l i n d e r ?  and t h e  s u n s h i e l d .  When t h e s e  t h r e e  p a r t s  a r e  a s s e m b l e d ,  
t h e y  form a c a v i t y  t h r o u g h  which r a d i a t i o n  p a s s e s  on  i t s  way t o  t h e  b l a c k -  
body s e n s i n g  area.  A t  b o t h  ends of t h i s  asse-mbly t h e r e  a r e  o p e n i n g s  t o  
l e t  t h e  r a d i a t i o n  p a s s .  The bottom o p e n i n g  c l o s e s t  t o  t h e  s e n s o r  i s  o n e  
s q u a r e  c e n t i m e t e r  i n  a r e a ,  t h e  top  i s  somewhat l a r g e r  t o  p e r m i t  3 d e g r e e  
a n g u l a r  r a d i a t i o n  t o  e n t e r .  The i n s i d . ?  s u r f a c e  i s  c o a t e d  w i t h  p l a t i n u m  
b l a c k  which a b s o r b s  a l l  wide a n g l e  r a d i a t i o n  t h a t  may e n t e r  t h e  t o p  o p e n i n g .  
The A p e r t u r e  Base is  made of 6061-T6 aluminum and i s  mounted t o  t h e  a p e r t u r e  
c y l i n d e r  w i t h  e i g h t  ( 0 - 8 0 )  s c r e w s .  The o u t s i d e  s u r f a c e  of t h e  b a s e  i s  
-
c o a t e d  w i t h  vacuum-dspos i ted  g o l d  
The A p e r t u r e  C y l i n d e r  i s  grooved oq t h e  o u t s i d e  f o r  t h e  1400-ohm 
thermometer  winding .  The thermometer  i s  wound i n  t h e  same manner as t h e  
t o p  and bot tom c y l i n d e r ,  w i t h  epoxy i n s u l a t i o n  under  a n d  o v e r  t h e  winding .  
The S u n s h i e l d  o r  t o p  p l a t e  i s  c o a t e d  w i t h  a thermobalance  c o m b i n a t i o n  of 
aluminum and s i l i c o n e  o x i d e .  This  p l a t e  i s  made of 6061-T6 aluminum and 
i s  e l e c t r o p l a t e d  w i t h  g o l d  on t h e  i n s i d e  of t h e  r i m .  
3 . 4  THE CASING (Drawing No. GTS 2000813) -
The c a s i n g  i s  machined from 6061-T6 aluminum, p o l i s h e d  and e lectro-  
p l a t e d  w i t h  24-K g o l d .  T h i s  p a r t  i s  p l a c e d  i n  a n  oven a t  180 C .to t e s t  
t h e  g o l d  a d h e s i o n  b e f o r e  assembly i s  made. 
3 . 5  THE CASE (Drawing N o .  GTS 2000307) --
The case i s  machined and c o n s t r u c t e d  i n  t h e  same manner as t h e  c a s i n g .  
3 . 6  THE MOUNTING BRACKET ( D r a w i n g  N o .  GTS 2000806) ---
T h i s  p a r t  i s  machined from a s o l i d  b l o c k  o f  6061-T6 p o l i s h e d  aluminum 
e l e c t r o p l a t e d  w i t h  24-K g o l d .  I t  i s  a l s o  checked i n  a n  oven a t  1 8 0  2 f o r  
g , 3 d  g o l d  a d h e s i o n .  
G .  T.  S c h j e l d a h l  Co. F i n a l  Repor t  - 9- 
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4 .0  TEST AND EVALIJATION --
4 1 THE 'TuB?M(?METER SECTIONS - - -  
The f o u r  main s e c t i o n s  of  t h e  i n s t r u m e n t  were t e m p e r a t u r e  c y c l e d  t o  
c h e c k  the rmomete r  s t a b i l i t y  a s  w e l l  as c o n s t r u c t i o n  s t a b i l i t y  i n  t h e  e a r l y  
s t a g e s  of a s sembly .  The three aluninum p a r t s ,  t h e  cool a p e r t u r e ,  t h e  u p p e r  
c y l i n d e r , a n d  t h e  lower c y l i n d e r  had e l e c t r i c a l  s h o r t s  a f t e r  t e m p e r a t u r e  
c y c l i n g .  Thzse t h r e e  u n i t s  were r e c o n s t r u c t e d  u s i n g  3 Y  epoxy i n  p l a c e  of 
P y r e  ML") as  a n  i n s u l a t i o n  b a r r i e r  u n d e r  t h e  p l a t i n u m  wire. 
r e c y c l e d  t o  180 C and found t o  be  good. 
The u n i t s  were 
The Blackbody S e n s o r s  were c y c l e d  i n  a n  o i l  b a t h  between 160  C and 
room t e m p e r a t u r e  of 25 C ,  and found t o  have  a s t a b i l i t y  of b e t t e r  t h a n  
0 . 0 2  ohms. The Blackbody S e n s o r s  were c o n s t r u c t e d  from a m a n u f a c t u r i n g  
p r o c e d u r e  d e v e l o p e d  by G .  T .  S c h j e l d a h l  Company u n d e r  NASA C o n t r a c t  NAS5- 
3683,  d a t e d  6 F e b r u a r y  1964 t o  22 A p r i l  1965.  
4 . 2  THE MOUNTING SECTIONS -
The components were !  o r i g i n a l l y  h e l d  i n  p l a c z  by a c o m b i n a t i o n  of 
t u n g s t e n - c a r b i d e  s ea t s ,  and  s a p p h i r e  b a l l s .  One of t h e  c a r b i d e  seats w a s  
h e l d  i n  t e n s i o n  by a mechan ica l  s o l e n o i d  sys t em.  I t  was found t h a t  t o  
a p p l y  enough p r e s s u r e  o n  t h e  b a l l s  t o  s u s t a i n  i n s t r u m e n t  r i g i d i t y  d u r i n g  
v i b r a t i o n  t e s t i n g ,  t h e  b a l l  m a t e r i a l  had t o  b e  changed t o  s t a i n l e s s  s tee l .  
S a p p h i r e  s h a t t e r e d  under  t h e  p r e s s u r e .  The m e c h a n i c a l  s o l e n o i d  s y s t e m  was 
a l so  e l i m i n a t e d .  
The i n s t r u m e n t  components a r e  now mounted w i t h  s t a i n l e s s  s t ee l  b a l l s  
u n d e r  t e n s i o n .  (Asse:,:bly d r a v i n g  N o .  GTS 20130805). T h i s  d rawing  shows 
:?.e x o u n t e d  p o s i t i o n .  
-- 
( 1 )  du  Pant RK-692 I n s u l a t i n g  v a r n i s h  
4s. T .  S c h j e l d a h !  C o .  F i n a l  R e p o r t  -12- 
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SUMMARY 
I t  i s  assumed t h a t  t h e  c a n i s t e r  h a s  no i n f r a r e d  e n e r g y  impinging  on 
i t  and  t h a t  i t s  base i s  h e l d  a t  a b s o l u t e  z e r o .  Conduct ion  l o s s e s  d u e  t o  
s t a i n l e s s  s teel  b a l l  s u p p o r t s  and t o  e l ec t r i ca l  l e a d s  are  n e g l e c t e d .  Under 
t h e s e  a s s u n p t i o n s ,  h e a t  l o s s  f rom t h e  c a n i s t e r ,  e x c e p t  f o r  t h a t  o c c u r r i n g  
from i t s  f r o n t  s u r f a c e , i s  computed t o  be 0 . 1 5 5  watts.  
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I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
. 
5 . 0  TECHNICAL DISCUSSION - 
Thl? g o l d  ball canister design is illustrated below, exclusive of 
s t a i n l e s s  steel ball spacers and electrical leads. 
I i 
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. .  S u n i i g h c  Lii ip~l igeS V I I  the upper s u r f a c e  i;here a f r a z t i o r ;  "L IS z : b ~ ~ r b e d  
e x c e p t  f o r  t h a t  s u n l i g h t  which enters A E f f e c t i v e l y  c; = 1 . 0  on t h i s  h o l e .  
l h e  d e v i c e  i s  taKen 110 have  no i n f r d r e d  r c td i a t ion  iiiiDiiigiiig on i t ,  i . e . ,  
t h e  c a n i s t e r  i s  though t  of as r e s i d i n g  i n  a l a r g e  vacuim chamber,  chamber 
w a l l  t e m p e r a t u r e  b e i n g  a t  a b s o l u t e  z e r o .  I n f r a r e d  e n e r g y  l e a v e s  t h e  c a n i s t e r  
v i a  i t s  f r o n t  and s i d e s .  The on ly  c o n d u c t i v z  h e a t  loss from t h e  sys t em 
i l l u s t r a t e d  above  t a k e s  p l a c e  from t h e  b o t t o m o s t  s u r f a c e  of t h e  c a n i s t e r ,  
which  i s  t h o u g h t  of  a s  hav ing  i t s  t e m p e r a t u r e  h e l d  a t  a b s o l u t e  z e r o .  The 
oven  i s  h e l d  a t  420  K. A l l  s u r f a c e s  a re  g o l d  c o v e r e d ,  e x c e p t  f o r  t h e  u p p e r  
s u r f a c e  which  h a s  a n  T of a b o u t  0 .15  and  a ther ina l  e m i t t a n c e  E o f  a b o u t  0.6. 
The t h e r m a l  e m i t t a n c e  of t h e  gold  cg  w i l l  be t a k e n  as  0.025. A " P '  i n  the  
h '  
p r e c e d i n g  d i a g r a m  r e p r e s e n t s  t h e  n e t  r a t e  of e n e r g y  t r a n s f e r  be tween t h e  
s u r f a c e s .  
t h e  oven ,  and  ?' r e p r e s e n t s  t h e  n e t  r a t e  of  e n e r g y  l e a v i n g  t h e  cool a p e r t u r e .  
One d e s i r e s  P + P -  t o  be l e s s  t h a n  0 .3  w a t t .  To see whe the r  t h i s  
Here Po r e p r e s e n t s  t h e  r a t e  of e l e c t r i c a l  power d i s s i p a t i o n  i n  
4 
3 > 
i s  t r u e ,  one  b e g i n s  by w r i t i n g  r e l a t i a r i s h i p . 3  between th.2 P ' s .  
P6 + P = P4 
7 
p.  1 = p2 + pb 
P2 = P + P5 
3 
Now : 
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4 = 2 n r  C & o T  
p3 3 3 g  3 
4 4 
P 4 = (A, - A,,) -- E G Tq + A~ o 'r4 - sc CL ( A ~  - A ~ )  - s C A,, 
4 E g P5 = ( 2  TI r E + n r 2, a r r  
3 4  3 3 
= 2 x r  C - - a ( T 2  g 4 - T k )  4 
& 
'6 1 0 2  
Also:  
r = 3.18  cm 
1 
r = 4 . 2 0  :m 
r = 5.55  cm 
r = 6.35 cm 
2 
3 
4 
8 = 2.94  cm 
8 ,  = 4.57 cm 
0 
e2 = 8.56  cm 
E 3  = 7.45 cm 
E,+ = 2.06 cm 
Ah = 1 . 0  cm2 
Sc/o = (396 K )  4 
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i* - 9 .15  
5 = 0 . 6  
E,, = 0 . 0 2 5  
0 
2 A = 176 crn f 
c- = 5 . 6 7 2  x ergs 
ssc-cm 2 O K 4  
C o n s  z q u  e n  t 1 y : 
4 
tg 3 2 - 7  3 
- -  
p3 - 
S u b s t i t u t i n g  t h e  l a t t e r  e x p r e s s i o n s  f o r  t .he P ' s  i n t o  t h e  p r e v i o u s  
e q u a t i o n s  r e l a t i n g  t h e  P ' s  g i v e s :  
9 . 3 5  T2' + fT r 4 - 1 3 6 6  T4 4 = -8 .54 
- ? 3 . 7 5  T74 + 44.8  T 4 + 9 . 3 5  T4 4 = - . 6 1  X 10 1 2  
- 1 5 4 . 3  T 4 + (7 T4 4 = o  
10 12 3 
L 3 
4 ; C . R  T 
2 3 
S 2 l v i n g  t h e s e  zq;l?tia:is  € o r  t h e  u . iknowns  g i v e s :  
T24 = 3 2 4  t( 
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Heat l o a s  frnm the cz,nister is given  by p + P5. 
2 '  
S i n c e  t h i s  e q u a l s  3 
P by p r e v i o u s  e q u a t i o n s ,  112 need compute o n l y  P 2 
4 4 P2 = :: E 0 44.8 ( T  - Tq ) g 2 
= .155 wat t s  
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6.1 SUMMARY 
The best method to date for making electrical contact to the innards 
of the gold ball canister system appears to be to use wire having very 
nearly zero temperature coefficient of resistance. The diameter of the  
wire is chosen to keep conductive heat transfer between the canister in- 
nards and the canister's external environment low. The net results is 
that a "constant" resistance is added to the resistance of each of the 
three platinum resistance thermometers in the gold ball system. 
An example using data obtained from the Wilbur B. Driver Company on 
their copper-nickel alloy wire is worked through. Since chromium is not 
allowed in the system, conventional resistance wire like, say, Karma 
(Driver-Harris) cannot be used. The results say that five-or-six-mil- 
diameter wire should be used from the support to the outer housing while 
20-mil-diameter wire should be used elsewhere. A firm conclusion on the 
performance of this wire must await data on its resistivity over a wider 
temperature range than is available now. Also, the question of diffusion 
of the copper-nickel alloy into the platinum must still be considered, as 
well as what solder one can use t o  join it to the platinum. It appears that 
the "constant" resistance which would be added to the ball's resistance would 
be about 1.6 ohms. 
G. T. Schjeldahl Co. Final Report -17- 
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6 . 2  TECHNICAL DISCUSSION -- 
The t h e o r e t i c a l  mode? of t h e  g o l d  b a l l  c a n i s t e r  sys t em used  i n  t h e  
c a l c u l a t i o n s  below is  d e s c r i b e d  i n  a memorandum d a t e d  J u n e  1 7 ,  1966. T h e r e  
t h e  oven as w e l l  as b a l l  t e m p e r a t u r e  i s  420 K ;  t h e  i n n e r  h o u s i n g  t e m p e r a t u r e  
T i s  324 K ;  t h e  o u t e r  h o u s i n g  t e m p e r a t u r e  T is 238 K;  t h e  s u p p o r t  t e m -  
p e r a t u r e  i s  0 K ;  the  c o o l  a p e r t u r e  t e m p e r a t u r e  T i s  282 K. 
2 3 
4 
E igh t  l e a d  wi res ,  each  0.875 i n c h e s  l o n g ,  run  between t h e  o u t e r  h o u s i n g  
and t h e  s u p p o r t .  We a r b i t r a r i l y  s p e c i f y  t h a t  0.005 w a t t  of power is  t h e  
maximum c o n d u c t i o n  a l lowed  th rough  e a c h  l e a d .  T h i s  g i v e s  a t o t a l  l e a d  w i r e  
c o n d u c t i v e  h e a t  l e a k  of 0 . 0 4  w a t t .  To p r e v e n t  t h i s  h e a t  l e a k  f rom l o w e r i n g  
t h e  t e m p e r a t u r e  of t h e  o u t e r  h o u s i n g ,  w e  r e q u i r e  t h a t  t h e  l e a d  w i r e  heat l e a k  
between t h e  i n n e r  h o u s i n g  and t h e  o u t e r  h o u s i n g  a l s o  be f i x e d  a t  0 . 0 4  wat ts .  
There are e i g h t  l e a d  wires, e a c h  2 . 6 6  i n c h e s  l o n g ,  c o n n e c t i n g  t h e  i n n e r  
h o u s i n g  t o  t h e  o u t e r  hous ing .  I n  a similar manner w e  r e q u i r e  t h a t  t h e  n e t  
t r a n s f e r  of h e a t  f rom t h e  oven-cool a p e r t u r e  c o m b i n a t i o n  t o  t h e  i n n e r  h o u s i n g  
b e  0.04 watts.  Here two l e a d s ,  each 0 . 9 4  i n c h e s  l o n g ,  run  be tween t h e  c o o l  
a p e r t u r e  and t h e  i n n e r  h o u s i n g ;  two l e a d s ,  each  2 i n c h e s  l o n g  (coming f rom 
t h e  g o l d  b a l l )  r u n  f rom t h e  middle  of t h e  oven c y l i n d e r  t o  t h e  i n n e r  h o u s i n g ;  
f o u r  l e a d s ,  e a c h  3 i n c h e s  l o n g ,  r u n  f rom t h e  bot tom o f  t h e  oven  c y l i n d e r  t o  
t h e  i n n e r  h o u s i n g .  Two of t h e  l a t t e r  l e a d s  connec t  t o  t h e  heater i n  t h e  oven ;  
t h e  o t h e r  two c o n n e c t  t o  t h e  p l a t i n u m  r e s i s t a n c e  the rmomete r  i n  t h e  oven. 
S p e c i f i c a t i o n s  r e c e i v e d  from t h e  Wilbur  B .  D r i v e r  Company on t h e i r  
c o p p e r - n i c k e l  a l l o y  w i r e  are: 
1. Tempera tu re  c o e f f i c i e n t  of r e s i s t a n c e  (25  C - 100 C )  e q u a l s  
20 x ohm/ohm - O K  
2 .  R e s i s t i v i t y  p ( 2 0  C )  e q u a l s  4 8 . 9  x ohm-cm. 
G. T. S c h j e l d a h l  Co. F i n a l  Repor t  -18- 
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The variation in these specifications with temperature is not known 
so they will be assumed invariant in the computation which follows. 
Consider heat loss down the eight 0.875-inch long leads first. The 
temperature differential across the leads is 238 K. Define the following 
quantities. 
0 
Q = heat leak down a lead, watts 
K = thermal conductivity of lead, cal-cm 
2 0 cm -sec- K 
2 A = cross sectional area of lead, cm 
0 AT = temperature differential across lead, C 
D = lead diameter, mils 
L = lead length, cm 
Now: 
KAAT 0 Q = 4.1% -
L 
0 
Here : Q = .005 watt 
2 0  K = -051 cal-cm/cm - -sec 
@T = 23% C 
L = 2.22 cm 
Solving for A gives A = 2.18 x 10 cm -4 2 
This makes D = 6.57 mils 
Consider heat loss  down the eight 2.66-inch long leads. The temperature 
differential across these leads is 324 - 238 = 86 C. 
H e r 2 :  8 = .005 watt 
2 0  K = .031 cal-cm/cm - C-sec 
T = 86C 
L = 6.75 cm 
-1 9- 
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C o n s i d e r  t h e  n e t  r a t e  h e a t  t r a n s f e r s  t o  t h e  i n n e r  h o u s i n g  from the 
Here : 
0 
Q = t o t a l  n e t  h e a t  t r a n s f e r  by a l l  l e a d s  t o  t h e  i n n e r  h o u s i n g  = .04 w a t t  
AT1 = a b s o l u t e  v a l u e  of t e m p e r a t u r e  d i f f e r e n c e  between i n n e r  h o u s i n g  and cool 
a p e r t u r e  = 324 - 282 = 42 C 
AT = d i f f e r e n c e  i n  t e m p e r a t u r e  between t h e  oven and t h e  i n n e r  h o u s i n g  = 96 C 2 
L1 = l e n g t h  of l e a d s  between i n n e r  h o u s i n g  and t h e  c o o l  a p e r t u r e  = 2.38 
n = number of  l e a d s  between i n n e r  h o u s i n g  and t h e  c o o l  a p e r t u r e  = 2 . 0  
L2 = l e n g t h  of  l e a d s  between middle  o f  oven and t h e  i n n e r  h o u s i n g  = 5 . 0 8  c m  
n = number of l e a d s  between middle  of  oven and t h e  i n n e r  h o u s i n g  = 2.0  
L 3  = l e n g t h  of  l e a d s  between bottom o f  oven and t h e  i n n e r  h o u s i n g  = 7.62  c m  
n = number of l e a d s  between bottom of oven and t h e  i n n e r  h o u s i n g  = 4 . 0  
1 
2 
3 
The cross s e c t i o n a l  a r e a  A of t h e  l e a d  w i r e  i s  found from t h e  f o l l o w i n g  
e q u a t i o n :  
r 
n A T~ n A T~ -1 
0 A T1 2 
L L1 L2 I 
3 + Q = 4.18 KA -n - + 
S u b s t i t u t i n g  n u m e r i c a l  q u a n t i t i e s  i n t o  t h e  e x p r e s s i o n  f o r  A g i v e s :  
A = 35.4  x c m  . T h i s  makes D = 26.4 m i l s .  I t  i s  p r o b a b l y  best  t o  
n e g l e c t  t h e  n e g a t i v e  term i n  t h e  e x p r e s s i o n  f o r  Q above  when s o l v i n g  f o r  
A ,  i n  which case A = 21.2 x 10 cm . T h i s  makes D = 20.5 m i l s .  I n  what  
2 
0 
-4 2 
fo l lows ,  w e  use  t h e  l a t t e r  r e s u l t  r a t h e r  t h a n  t h e  f o r m e r .  
The q u e s t i o n  d e a l t  w i t h  n e x t  i s  what t h e  i n t r o d u c t i o n  o f  t h e  l e a d s  con- 
s i d e r e d  above  d o e s  t o  t h e  c a l i b r a t i o n  of t h e  v a r i o u s  p l a t i n u m  r e s i s t a n c e  
thermometers .  C o n s i d e r  j u s t  t h o s e  two l e a d s  a t t a c h e d  t o  t h e  g o l d  b a l l .  Each 
G .  T. S c h j e l d a h l  C o .  F i n a l  Repor t  -20- 
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-4 2 l e a d  c o n s i s t s  of one p i e c e  2.22-cm l o n g  hav ing  a A = 2,18 x 10 tm, ; one 
p i e c e  6.75-cm long  h a v i n g  a A = 18.4  x 10 c m  ; one p i e c e  5.08-12111 l o n g  
hav ing  a A = 21.2 x 10 cm . S i n c e  the. resistivity p cf t h e  vi r2  a:loy 
i s  4 8 . 9  x ohm-cm, t h e  t o t a l  r e s i s t a n c e  R of t h e  two l e a d s  i s :  
-4 2 
-4 2 
n 
L 
A 
n n  
R = 2 p  Z- 
= 1 . 5 9  ohms ( 2 0  C )  
Now t h e  t e m p e r a t u r e  c o e f f i c i e n t  of resistance of  t h e  a l l o y  between 
ohm 
ohm- C 
25 C and  100 C i s  g i v e n  as 20  x 
0 
I f  t h i s  same t e m p e r a t u r e  c o e f f i c i e n t  were t o  a p p l y  over t h e  r a n g e  of  
0 K t o  450 K ,  no t r o u b l e  would b e  e x p e c t e d  as f a r  as changes  i n  t h e  l e a d  
r e s i s t a n c e  d e s t r o y i n g  t h e  c a l i b r a t i o n  of  t h e  p l a t i n u m  r e s i s t a n c e  thermometer  
wound on t h e  b a l l .  T h i s  can  be shown as f o l l o w s .  S i n c e  t h e  t e m p e r a t u r e  
c o e f f i c i e n t  i s  SO l o w ,  one  c a n  j u s t  as  w e l l  t a k e  1 .59  ohms as t h e  r e s i s t a n c e  
of t h e  l e a d  wire a t  0 C .  Then: 
R = 1 .59  (1 + 20 x TI 
0 Here T i s  i n  C.  I f  T w e r e  -273 C ,  i - e . ,  0 K ,  t h e n  
R = 1 . 5 9  [ l  - 20 x (27311 
I f  T were 1 7 7  C ,  i . e . ,  450 K ,  t h e n  R = 1.59 [ l  + 20 x ( 1 7 7 ) ]  . 
The change  i n  R between 0 K and 450 K would t h e n  be ( 1 . 5 9 ) ( 2 0  x 10-6) (450)  
= .0143 ohms. 
The change  which one can  t o l e r a t e  i n  t h e  p l a t i n u m  r e s i s t a n c e  thermometer  
is  g i v e n  by t h a t  r e s i s t a n c e  change i n  t h e  b a l l  which c o r r e s p o n d s  t o  0 .01  C. 
T h i s  change  i s  a b o u t  0.04 ohms, which i s three  times l a r g e r  t h a n  t h e  change  
computed above .  An e x p e r i m e n t a l  d e t e r m i n a t i o n  of  t h e  r e s i s t i v i t y  of t h e  a l l o y  
o v e r  a wide  r a n g e  i n  t e m p e r a t u r e  would have  t o  be made b e f o r e  a f i r m  c o n c l u s i o n  
c o u l d  be drawn, however.  
G. T. S c h j e l d a h l  Co. F i n a l  Repor t  -2 1- 
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7.0 RESISTANCE VERSUS TEMPERATURE OF CUPRON WIRE - ~~ 
7 . 1  SUMMARY 
The r e s i s t a n c e  v e r s u s  t e m p e r a t u r e  c h a r a c t e r i s t i c s  of Cupron w i r e  
a l l o w  t h e  w i r e  t o  be used f o r  making e l e c t r i c a l  c o n n e c t i o n s  i n  t h e  g o l d  
b a l l  c a n i s t e r  sys tem.  
G .  T .  S c h j e l d a h l  Go. F i n a l  Repor t  - 2 2 -  
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I .  L ifibnivibnL U l ~ L U 3 ~ L U N :  I -- 
The 40-ohm s p i r a l  of Cupron w i r e  w a s  s t r e t c h e d  s l i g h t l y  t o  s e p a r a t e  t h e  
I t u r n s  and  i t s  e n d s  s o l d e r e d  t o  No. 1 2  c o p p e r  wire l e a d s .  The c o p p e r  l e a d s  I 
w e r e  e s t i m a t e d  t o  h a v e  0.006 ohm r e s i s t a n c e  a t  room t e m p e r a t u r e ,  t h e  major 
p o r t i o n  of e a c h  l e a d  r e m a i n i n g  a t  room t e m p e r a t u r e  t h r o u g h o u t  the  tests 
d e s c r i b e d  below.  
The Cupron w i r e  c o n s i d e r e d  h e r e  was manufac tured  by t h e  Wi lbur  B.  Driver 
Company, Newark, New J e r s e y .  The l a b e l  s p e c i f i c a t i o n s  were as f o l l o w s :  
S i z e  
I n s p .  
.0063 
B 
Gross 2.85  
Melt 318234 
T a r e  65 
N e t  2.20 
OD 05 0 
The c o p p e r  l e a d s  were pushed t h r o u g h  h o l e s  i n  a l a r g e  c o r k  as i l l u s -  
t r a t e d  b a l  ow. 
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The r e s i s t a n c e  c o i l  w a s  tmmerse:! i n  s o i u i i o n s  a t  v a r i o u s  t e m p e r a t u r e s ,  
t h e  f o l i o w i n g  c o i l  r e s i s t a n c e  r e a d i n g s  b e i n g  o b t a i n e d .  
S o l u t i o n  
A i r  
L i q u i d  n i t r o g e n  
Dry ice - a c e t o n e  
O i l  
L i q u i d  n i t r o g e n  
O i l  
A i r  
Temp C 
20 
-1 96 
- 7 8  
165 
-1 96 
+162 
2 0  
R e s  i s  t a n c e  
4 0 . 4 3  
39 .82  
40 .39  
4 0 . 3 8  
3 9 . 8 2  
4 0 . 3 8  
40 .43  
A change  of 40 .43-39 .82  = 0.61 ohms was o b t a i n e d  between room 
t e m p e r a t u r e  and l i q u i d  n i t r o g e n  t e m p e r a t u r e .  The memorandum of August 3 ,  
1966 c o n s i d e r s  a 1 . 6  ohm r e s i s t a n c e  and s ta tes  t h a t  a t 0.04 ohm change  
c a n  be t o l e r a t e d  i n  t h i s  r e s i s t a n c e  f rom -200 t o  200 C .  On t h e  b a s i s  of 
d a t a  above ,  a n  uppe r  bound on t h e  change  i n  r e s i s t a n c e  w i t h  t e m p e r a t u r e  
of Cupron w i r e  from -195 C t o  1 6 0 C  i s  - x 0 . 6 1  = 0.024 ohm. Conse- 
q u e n t l y ,  i t  a p p e a r s  t h a t  Cupronwi l l  be a d e q u a t e  f o r  c a n i s t e r  e l ec t r i ca l  
1 6  
40 
c o n n e c t i o n s  as r e g a r d s  i t s  r e s i s t a n c e  v e r s u s  t e m p e r a t u r e  p r o p e r t i e s .  
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